Upon a viral infection, the host immune system attempts to eradicate the virus. However, 51 once the infection threat seems overwhelming, the infected host actively shuts down effector 52 responses to reduce immunopathology. The price to pay for this is the establishment of a 53 chronic infection that is only partially controlled by a lower level immune response. 
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In contrast, no significant correlation between chronic-module eigengenes and the virus-177 specific CD8
+ T cell response of chronic infection was observed ( Fig. 2A) . This indicates that 178 IFN-ϒ production is a good marker to identify pathways involved in the T cell response in 179 acute infection but not sufficient to reveal the underlying gene signature of exhaustion. 180
Hub genes from coexpression modules are defined by a high K IM value, or alternatively by a 181 high topological overlap, and are predicted to be central for the biological processes they 182 represent (10,20). Thus, we visualized the hub genes of the acute-brown module as a network 183 based on their topological overlap values (Fig. 2C) . Two clusters were observed that contain 184 genes involved in T cell activation (cluster 1) and B cell response (cluster 2). To analyse how 185 these hub genes in acute infection behave during chronic infection, we compared their 186 intramodular connectivities in both infection outcomes. Genes related to T cell activation 187 were found in two different chronic modules, chronic-tan and chronic-greenyellow 188 ( Supplementary Fig. 4B ). However, only genes in chronic-tan retained a K IM >0.6 and 189 therefore represented control points of T cell activation in chronic infection. These genes 190
were upregulated at day 6 and returned to basal levels at day 31 thus having a similar kinetics 191 as in acute infection ( Supplementary Fig. 4C ). In contrast, genes in the chronic-greenyellow 192 module showed an upregulation at day 6 with a subsequent downregulation at day 9 thus 193 coinciding with T cell exhaustion. To validate these observations and to link the day 9 194 downregulation of the chronic-greenyellow genes to T cell exhaustion, we performed qPCR 195 of the chronic-tan genes Cd247 and Cd3e, and the chronic-greenyellow genes Cd3d and 196 ZAP70, that play a critical role in T cell receptor signaling, from spleens of mice at day 9after acute or chronic infection ( Supplementary Fig. 4E and F) . The qPCR results positively 198 correlated with the RNA-seq data. Cd3d and ZAP70 genes were significantly downregulated 199 in chronic infection thus supporting a role during T cell exhaustion. The B cell response-200 related genes of cluster 2 were mainly found in the chronic-green module and retained a high 201 intramodular connectivity value (Supplementary Fig. 4B ). The expression kinetics of these 202 genes during acute and chronic infections were identical, being upregulated from d7 to d9 203 and remaining elevated at d31. However, their expression levels were notably higher in 204 chronic infection ( Supplementary Fig. 4D and F acute infection while the number of pro-inflammatory Ly6C hi monocytes/macrophages in the 270 spleen were, as described before (7), similar in both infections (Fig. 3D) . Transcriptional 271 profiling from sorted monocytes/macrophages showed that cells from acute infection 272 expressed higher levels of pro-inflammatory cytokines and chemokines, and cellular 273 receptors and transcription factors associated to M1 macrophages. In contrast, 274 monocytes/macrophages from chronic infection expressed higher levels of transcription 275 factors and genes that exert anti-inflammatory effects and markers of M2 macrophage 276 differentiation (Fig. 3E ). These data demonstrate that inflammatory monocytes/macrophages 277 are induced early after an acute LCMV infection and, in contrast, during chronic infection 278 these cells shift to an anti-inflammatory profile before T cell exhaustion becomes evident. and deregulated in acute infection (Fig. 4A ). They show a "two-peak" behaviour with an 293 expression peak at d5 and a second upregulation from d7 to d9 p.i.. The second peak of 294 expression of XCL1 was verified by qPCR using additional infected mice (Supplementary 295 Fig. 7A ). In contrast to chronic infection, Xcl1 showed only a single early peak of expression 296 at d6 in acute infection, returning to basal levels from d7 p.i. (Fig. 4B) . To investigate the role 297 of XCL1 during the establishment of the chronic infection phase, we first analyzed its 298 expression by NK and CD8
+ T cells at d9 by intracellular staining. Both cell types showed a 299 higher expression of XCL1 in chronic infection compared to acute infection or uninfected 300 mice, however CD8 + T cells were the main producers ( Fig. 4C and Supplementary Fig. 7B ). 301
Importantly, XCL1 was highly produced by LCMV-specific CD8 + T cells once exhaustion 302 was established (Fig. 4D) , and particularly abundant in the subpopulation of CXCR5 + cells 303 (Fig. 4E ). It has recently been shown that virus-specific CXCR5 + CD8 + T cells play a major 304 role in the control of virus replication during chronic infections (13,14,26). Our data now 305 show that they also play an important role in the immune adaptation process during 306 exhaustion. 307
Coinciding with the second peak of XCL1 expression, the quantification of XCR1 + DCs 308 showed a clear increase of these cells in the spleens at d9 in chronic infection ( Fig. 5A and 309 Supplementary Fig. 7C ). To further analyze the impact of this XCL1-XCR1 axis, we depleted 310
XCR1
+ DC in chronically-infected XCR1-DTRvenus mice (27) with diphtheria toxin (DT) 311 ( Fig. 5B and Supplementary Fig. 7D ). While the virus-specific CD4 + T cell response was not 312 affected, XCR1 + DC depletion led to a significant reduction in the percentage of GP33-313 specific CD8
+ T cells at day 15 p.i. and lower percentages of CD107a, CD107b and IFN-ϒ 314 producing cells than in untreated animals (Fig. 5C) . Moreover, the percentage of CXCR5 + 315 CD8 + T cells was also significantly decreased, as well as the percentages of CD107a/b 316 producing CXCR5 + CD8 + T cells (Fig. 5D) , demonstrating an interdependence between this 317 CD8 + T cell subset and cross-presenting XCR1 + DCs. Consistently, the viral titers in spleen, 318 lung and kidney were higher in mice lacking XCR1 + DCs ( onwards. In addition to these global characteristics, we were also able to link specific genes 342 and pathways to critical, already established phenotypes associated with both infection fates 343 including the effective LCMV-specific T cell response as well as T cell exhaustion and 344 hypergammaglobulinemia. Together this validates our systems approach for analyzing virus 345 infection fates and leaves a rich comprehensive data set for further, more specific analyses. 346 347 Infection-fate-specific module information provides a firm basis to reveal specific, 348 physiologically relevant changes in the infected host organism. An intriguing observation was 349 that the infection-fate-specific modules contained rather few genes. This notion may not only 350 help to define diagnostic biomarker for predicting infection outcomes but also hint to 351 regulators of pathways that may direct phenotype evolution over time. Indeed, the acute-352 grey60 module with its 31 genes that have an expression peak at day 6, is a good example. T cells that becomes exhausted contains cells that produce XCL1 (Fig. 5D ) and thus can set 381 up XCR1
+ DC recruitment and cytotoxic T cell stimulation and effector cell maintenance. 382
Overall, this argues for the operation of virus-threat-sensing host mechanisms that adapt the 383 immune system effectors to minimize damage and the XCL1-XCR1 axis of being part of a 384 functional adaptation to the chronic infection phase. 385
How may these observations be exploited for host benefit? Recent publications have shown 386 that virus-specific CXCR5 + CD8 + T cells expand most efficiently after immune checkpoint 387 inhibition (13,14). They are, besides NK cells, the main producer of XCL1 in the chronic 388 infection phase (Fig. 4C) . Furthermore, XCL1 is elevated in HIV-infected elite controllers 389 (32) and its receptor XCR1 is solely expressed on cross-presenting DCs (33) that are 390 specifically upregulated during the chronic infection phase (Fig. 5A and Supplementary Fig.  391 7C). Therefore, enforcing the XCL1-XCR1 axis in an immunotherapeutic intervention seems 
Statistical analysis 529
Two-tailed t test or one-way ANOVA analyses were performed using GraphPad Prism 6.0 530 (San Diego, CA, USA). pvalues (p) below 0.05 were considered significant and were 531 indicated by asterisks: *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001. Non-significant 532 differences were indicated as "ns". Fisher's exact test was used to quantify overlap between 533 modules. 534
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Data Availability 536
The complete RNA-seq datasets are available from the Gene Expression Omnibus (accession 537 number GSE107880). 538 
